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osting by EAbstract Purpose: There is scarcity of data in the literature on cornel graft rejection rate in
patients exclusively of African ancestry. The purpose of this study was to evaluate the rejection rate
of corneal transplant surgery performed at Howard University Hospital on such patients over a
15 year period.
Design: A retrospective evaluation was performed of the cornea graft rejection and corneal graft
failure rate in 125 penetrating keratoplasties (PKPs) done by one corneal specialist at Howard Uni-
versity Hospital from January 1, 1990 to August 31, 2005.
Methods: Of the 125 patients, 62 were eliminated from the study because of re-grafted eyes, non-
African descent, primary graft failures, follow-up less than 1 month and lack of availability of
charts. This study, therefore, studied and recorded data from 63 penetrating keratoplasties of 63
eyes from 60 patients.
Results: Episodes of graft rejection were documented in 23 eyes (36.5% of cases). Nine out of the
23 graft rejections manifested to secondary graft failure (39%). Overall, there were nine out of
the 63 PKPs (14.3%) that resulted in secondary graft failure over the past 15 years. The major65 3302.
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286 L. Ferdinand et al.diagnostic categories were bullous keratopathy 24 (38%), keratoconus 10 (15.8%), Fuch’s dystro-
phy 4 (6.3%), other 20 (31.7%). Of the cases with episodes of rejection and failure, 4.3% and none
were attributable to keratoconus, 30.4% and 22.2% for bullous keratopathy, and 8.7% and 22.2%
for Fuch’s dystrophy, respectively. Also, best visual acuity was looked at in patients with rejection
episodes. None of the patients had a pre-op visual acuity 20/40 or better; however, post-op PKP 2
(8.7%) of patients achieved 20/40 or better. Also, 4 (17.4%) of patients had a pre-op visual acuity
between 20/50 and 20/150, but post-op PKP best visual acuity between 20/50 and 20/150 was
increased to 9 (39.1%).
Conclusion: At 36% the prevalence of corneal graft rejection was one of the highest in the reported
literature. But only 14% of those episodes resulted in graft failure which is one of the lowest in the
published literature. This study demonstrates that patients of African ancestry may have a higher
rejection rate which does not necessarily result in graft failure.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Background
Since the ﬁrst successful penetrating keratoplasty (PKP) was
reported by Edward Zirm in 1906, corneal transplant has be-
come the oldest, most successful and most common form of
tissue transplantation (Pepose et al., 1987). The success rate
for maintaining a clear transplant has increased over the years
(Price and Whitson, 1991; Williams et al., 2006). However,
because of high surgical volume the number of failures is a
signiﬁcant number that continues to increase the older the
transplant gets (Williams and Coster, 2007). Increased scarcity
of donor and the decreased success rate with regraft make
it imperative to maximize available resources. The literature
cites graft rejection rates that can range from 3.5% to 65%
(Khodadoust, 1973).
Numerous studies summarize survival rate, in transplant
patients. Conversely, the literature is scarce on the outcomes
of penetrating keratoplasties in African American population
in the United States (US). Furthermore, the leading etiologies
for corneal transplantation in the US are pseudophakic bul-
lous keratopathy, keratoconus, and Fuch’s dystrophy. The
main causes for transplant in African Americans have not been
identiﬁed. Howard University Hospital is ideally situated to
answer these questions as it serves a majority of African Amer-
ican patient population. Thus, the purpose of this paper is to
report and document primary corneal graft survival rate and
to document the most common diagnostic categories leading
to corneal transplantation in African Americans at Howard
University Hospital (HUH) over the last 15 years. This will al-
low us to look for risk factors for rejection in an African
American population and to make a comparison and contrast
of our; with previously published data.
2. Method
This is a retrospective longitudinal study of a sequential series
of all PKPs performed at HUH. We accessed the surgical case
logs from January 1, 1990 to August 31, 2005 from the depart-
ment of Ophthalmology at Howard University Hospital in
Washington DC and identiﬁed all patients that had undergone
PKP. To ensure that no patient was missed, case logs were
matched with the hospital’s medical records. The review of
patient charts and medical records for research received
Institutional Review Board approval on July 18, 2005. This
retrospective study was designed to focus on the primary grafts
of African American corneal transplant patients. Of the 125documented PKPs, 62 cases were excluded from this study
due to race, patient’s death, primary graft failure, follow-up
time less than 1 month, repeat transplantation, incomplete
documentation, and lost to chart ﬁling. Overall, we reviewed
63 PKPs in 63 eyes from 60 patients. All surgeries were per-
formed by a cornea trained specialist attending with a resident
assistant. The standard surgical technique has been described
and was used for all cases (Price and Whitson, 1991; Price
and Whitson, 1989). The post-operative care was done by se-
nior and junior residents under the supervision of a corneal
specialist. The suppressive treatment for graft rejection epi-
sodes consisted of topical corticosteroids prednisolone acetate
1% eye drops every hour and then tapered to 4· a day for
6 months along with antibiotics 4· a day for 2 weeks. The su-
tures were removed at one year. In case of signs of immuno-
logic rejection, treatment with prednisolone acetate 1% was
increased to every hour and tapered based on patient’s re-
sponse. Rejection time is deﬁned as starting from the date of
surgery to the date of ﬁrst documented sign of graft rejection
in the patient’s chart. Similar to other studies, secondary graft
failure is deﬁned as an irreversible change in a graft preventing
recovery of useful vision after the graft was initially clear
2 weeks after keratoplasty (Price et al., 1993). Also, primary
graft failure, which occurred within the ﬁrst 2 weeks after
transplant because of difﬁculties with donor tissue survivabil-
ity, was repeated. In our data analysis a repeat graft for pri-
mary graft failure was not considered a regraft; only in cases
where there were at least two weeks of clarity was a graft con-
sidered a regraft (Thompson et al., 2003). Total follow-up time
was designated as the time of surgery to the time of last docu-
mented ophthalmic examination of the graft. Data obtained
from patients were demographic, age, gender, eye, and pre-
operative diagnosis. For this study, we considered the three
types of graft rejection such as epithelial, stromal, and endo-
thelial rejection and classiﬁed them together as overall graft
rejection. Repeat PKPs, were not considered independent
observations thus, we chose to eliminate secondary grafts.
3. Data analysis
Pre-operative and post-operative data were analyzed using the
SAS computerized database (SAS Institute Inc., Cary, NC).
Survival curves were determined using Kaplan–Meier product
limit method and groups were compared using log-rank test.
Primary graft failure was a rare event in this study. There
were only three documented events that occurred in three eyes
Table 1 Quantitative analysis.
Demographic
Age
57 ± 19.06 years (range 21–87 years)
Gender
60 patients
35 females and 25 males
Post-operative follow-up time
49.11 ± 41.10 months (range 1–186 months)
Table 2 Pre-operative diagnosis of graft rejection episodes.
Pre-operative
diagnosis
Secondary graft
failure (%)
Graft rejection
(%)
Bullous Keratopathy 2 (22.20%) 7 (30.4%)
Fuch’s Dystrophy 2 (22.20%) 2 (8.70%)
Keratoconus 0 1 (4.30%)
Corneal opaciﬁcation 0 1 (4.30%)
Corneal ulcer 0 1 (4.30%)
Corneal scarring 2 (22.20%) 2 (8.70%)
Graft failure 2 (22.20%) 4 (17.4%)
Other 1 (11.10%) 5 (21.7%)
Table 3 Visual acuities of rejected grafts.
Category Pre-operative Post-operative Best visual acuity
20/40 or better 0 2 (8.7%) 2 (8.7%)
20/50–20/150 4 (17.4%) 3 (13%) 9 (39.1%)
20/200 or worse 19 (82.6%) 18 (78.3%) 12 (52.2%)
• Corneal Graft Rejection 
– Rate
- 23 (36.5%) episodes of graft 
rejection
- 3 (13%) within the first 6 
months
- 6 (26.1%) in the next 6 
months
- 9 (39%) within the 2nd year
- 5 (21.7%) after the 2 nd year
Rejection Time
- 17.76 +/- 16.79 months 
(range 2.2-72.3 months)
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Graph 1 Quantitative analysis.
• Graft Failures
– Rate
- Of 63 surgical 
cases
- 9 episodes of 
secondary graft 
failure (14.3%)
- Of 23 episodes of 
rejections
- 9 episodes of  
secondary graft 
failure (39%)
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Graph 2 Quantitative analysis.
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(range 21–87 years). The average follow-up time was 49.11
± 41.10 months (range 1–186 months). There were 35 females
and 25 males see Table 1. The three most common pre-opera-
tive diagnoses for PKP were psuedophakic bullous keratopa-
thy, Fuch’s dystrophy, Keratoconus. Other diagnoses were
corneal opaciﬁcation, corneal ulcer, corneal scarring, and graft
failure see Table 2. The average post-operative rejection time
was 17.76 ± 16.79 months (range 2.2–72.3 months). In this
study, there were 23 episodes (36.5%) of rejection over the
15 year period. Three rejections (13%) occurred in the ﬁrst
6 months, 6 rejections (26.1%) occurred in the next 6 months,
9 (39%) occurred within the 2nd year, 5 rejections (21.7%) oc-
curred after the 2nd year. Of the 23 rejected grafts, 9 (39%)
ended in secondary graft failure. Overall, 9 of 63 studied PKPs
(14.3%) resulted in secondary graft failure. Table 2 also shows
the number of rejections for each pre-operative diagnosis of
patients who experienced graft rejection episodes. Addition-
ally, it shows the pre-operative diagnosis of the grafts that re-
sulted in secondary graft failure. Table 3 shows pre-operative,
post-operative, and best visual acuity for the eyes with graft
rejection. The visual acuities of rejected grafts are categorized
in three groups: 20/40 or better, 20/50–20/150, and 20/200 or
worse. Pre-operative visual acuity was the result of a visual
eye examination before the patient went to surgery. Post-oper-
ative visual acuity represents the visual acuity of the patient atthe time graft rejection and was documented in the patient’s
chart. Best visual acuity was the best vision that the patient
was able to achieve during the follow-up time between surgery
and documented graft rejection. The best corrected visual acu-
ity of the patient was reported for this study. Graph 1 is Kap-
lan–Meier analysis estimation of survival in corneal graft
rejection and Graph 2 estimation of survival in reference to
secondary graft failure over time.
4. Discussion
This study attempts to ﬁll a void of reported research in the
area of corneal transplantation outcomes of African American
patients. According to an earlier paper on various causes of
failure in initial grafts, it was stated that African Americans
experienced a 3- to 4-fold higher risk of endothelial failure,
compared with Caucasians and others, despite similar rates
of follow-up (Price et al., 2003). Similar to other studies, they
made note that based on demographics African Americans
were a small percentage of the patient sample due to the refer-
ral patterns of the eye center (Price et al., 1996). In our study,
we were able to collect data from African American transplant
patients over a span of 15 years. Thus we have a signiﬁcant pa-
tient population to research and document PKPs undergone
by minority populations over a given interval of years.
According to a study on the ﬁve corneal graft survival,
immunologic endothelial rejection was the most common
cause of graft failure (Price et al., 1993). In our study, we
288 L. Ferdinand et al.found that our cumulative immunologic allograft rejection rate
(36.5%) was higher than the rejection rate of a 10 year cumu-
lative prospective study which was (21%). Ing et al., 1998 We
did not have the statistically signiﬁcant number of PKPs and
patients that were present in the 10 year prospective study.
Even though our sample size was lower, our study examined
a patient population on which published literature is limited.
Also, our results suggest that race maybe a risk factor for
immunologic graft rejection.
Additionally, we looked at the relationship of graft rejection
to secondary graft failure. A study on corneal transplantation
rejection documented an overall graft failure rate of 49% due
to rejection (Naacke et al., 2001). We calculated a 39% second-
ary graft failure rate that had prior graft rejection. One study on
graft failure risk factors reported only the endothelial graft
rejection and failures (Price et al., 1996). In our study, we did
not speciﬁcally designate the type of graft rejection that leads
to graft failure. Even though endothelial rejection is considered
as the most common cause of rejection, other patterns of rejec-
tion are known to lead to graft failure (Alldredge and
Krachmer, 1981; Arentsen, 1983; Thompson et al., 2003). This
made it difﬁcult to compare our data to other studies because
some focus on only one type of graft rejection. The overall graft
failure rate for our study was 14.3%. This number was signiﬁ-
cantly lower than the 10 year post-operative PKP study by Ing
which reported a 22% failure rate (Ing et al., 1998). Also, an-
other 10 year retrospective study documented an overall graft
failure rate of 52.4% (Muraine et al., 2003). Thompson, how-
ever, reported graft failure in 10% of grafts (Thompson et al.,
2003). Even though our secondary failure rate is among the low-
er reported rates, we still need to innovate ways to treat and
manage grafts to avoid failure.
The average post-operative rejection time was approxi-
mately 17 months which correlated with the majority of rejec-
tions in grafts occurring within 2 years of surgery. Our patients
experienced rejection after a longer follow-up time compared
to those in another study in which rejection time was approx-
imately 10.5 months (Alldredge and Krachmer, 1981). A Col-
laborative Corneal Transplantation Studies Research Group
identiﬁed recipient age less than 40 years, a history of corneal
graft, a combined surgery, graft diameter more than 8 mm,
and recipient cornea vascularization as signiﬁcant risk factors
for rejection (Maguire et al., 1994). For this study, we did not
focus on speciﬁc risk factors of patients, even though some pa-
tients did have documentation of speciﬁc risk factors in their
charts. We are hoping that this initial study on our patients
will stimulate subsequent studies on risk factors present before
and after corneal transplantation. This may help us to under-
stand why African Americans with extant risk factors have a
longer follow-up time before experiencing a rejection episode.
The results of the pre-operative diagnosis of PKP showed
that African American patients diagnosed with pseudophakic
bullous keratopathy had a higher rate of secondary graft
rejection than any other indication. This was consistent with
another retrospective study that reported pseudophakic bul-
lous keratopathy with retained intraocular lens having the low-
est survival rate compared to Fuch’s, keratoconus, and
pseudophakic/aphakic bullous keratopathy with secondary
lens implants (Williams and Coster, 2007). However, in a later
study by Price, they found that previous graft failure was the
highest correlating factor for subsequent graft failure (Price
et al., 1996). Our patients that had experienced a previous graftfailure had the second highest percentage of graft rejection.
Generally, we believe our data support these two pre-operative
diagnoses as having a strong correlation to graft rejection and
failure for PKP patients.
The visual acuity of the PKP patients with rejected graft
showed that patient’s vision did improve during follow-up.
Two patients obtained 20/40 or better visual acuity at the time
of their rejection episode. However, there were a signiﬁcant
percentage of patients whose vision did not improve from
20/200 or worse. One study showed that 24.1% of PKP pa-
tients achieved a 20/40 or better visual acuity, but there was
still a larger percentage that remained 20/200 or worse at the
ﬁnal follow-up (Randleman et al., 2003). Visual acuity is the
best way to evaluate the success of a corneal transplant, be-
cause it correlates with patient regaining or retaining vision de-
spite any corneal impairment. We believe these data provide
some useful background information that will permit us to fo-
cus more attention on how to improve vision in patients under-
going this procedure.
5. Conclusion
The aim of this study was to look at graft rejection and second-
ary graft failure in African Americans. We hypothesized that
the rejection rate and secondary failure rate were no different
from those of the published literature. Compared to other
studies, our graft rejection rate was higher, but the rate of re-
jected grafts progressing to secondary graft failure was lower
than other studies on PKP outcomes. In future, we hope our
study allows attendings and residents within the department
to better counsel patients and also identify those patients
who are at higher risk for rejection with a standardize and efﬁ-
cient documentation of post-operative patient follow-up.
Our overall secondary graft failure rates were either the
same or lower than other studies on PKP patient outcomes.
Further studies should be done to evaluate the risk factors
for graft failure, so that when grafts fail better therapeutic
measures can be initiated to ensure better survival of subse-
quently transplanted grafts. This study revealed some of our
deﬁciencies when recording vital data for corneal transplants.
Thus, we hope to implement standardized pre-evaluation and
post-evaluation sheets as part of the record for all of our trans-
plant candidates. Overall, this study achieved the goal of inves-
tigating the disparity of patient care in a population of corneal
transplant patients that have been neglected. In reporting these
data from our PKP patients we hope we have alerted others of
the problems associated with such transplants in African
American patients in particular and others as well.
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